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FOREWORD

The Systems Research Laboratory of the U.S. Army Research Institute for
the Behavioral and Social Sciences supports the Army with reseasch and devel-
opment on Command, Control, Communications, and Intelligence (C I) operations.
Among a wide range of projects, research is conducted on techniques for devvl-
oping automated decision aids for improving the quality and timeliness of C-I
staff operations. An essential component of this research is the development
and validation of objective techniques for eliciting functional knowledge and
decifion models from operational experts. Such knowledge, if properly ob-
tained and codified, would provide the basis for future decision aids.

This research examined an alternative peradigm for eliciting and codify-
ing expert knowledge in a specific functional area. It represents an alterna-
tive paradigm in the sense that it does not follow the normative decision
model taught in most decision theory courses. Instead of assuming that real-
world decisions are based on a rational, serial evaluation of alternative
courses of action, the work adopts a pattern-recognition model for decision
making under time stress. This model was tested using fire-fighting personnel
from a community fire department and the basic paradigm was validated. Re-
sults of this study have been incorporated into follow-on research involving
tactical C31 staff members engaged in battle management training at the Com-
bined Arms Center, Fort Leavenworth, Kansas.

EDGAR M. JOHNSOM
Technical Director
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RAPID DECISION MAKING ON THE FIRE GROUND

EXECUTIV SOMARY

Requirement:

The objective of this study was to examine the ways decisions are made by
highly proficient personnel, under conditions of extreme time pressure, and
where the consequences of the decisions could affect lives and property. The
domain of firefighting was selected, and the search focused on the decisions
made by Fire Ground Commanders (FGCs) who are responsible for allocating per-
sonnel and resources at the scene of a fire.

Procedure:

The method used included aspects of critical incident and protocol analy-
sis paradigms. Interviews were conducted .vith 26 experienced firefighters
(mean experience of 23 years). Each interview covered a critical incident
that was nonroutine and that demanded expertise. Most incidents had occurred
within the year preceding the interview, which probed the incident decision
points: (a) options identified, (b) options selected, and (c) reasons for the
choice. A total of 156 decision points were probed in this manner.

Findings:

The major finding was that in less than 12X of the cases was there any
evidence of simultaneous compariscns and relative evaluation of two or more
options. In over 80X of the cases, the strategy was for the FGCs to use their
experience to directly identify the situation as typical of a standard proto-
type, and to identify a course of action as typical for that prototype. In
this way, the FGCs handled decision points without any need to consider more
than one option.

Utilization of Findings:

A Recognition Primed Decision (RPD) model was synthesized from these
data, which emphasized the use of recognition rather than calculation or
analysis for rapid decision making.
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I NTRODUCTION

Tactical and strategic decisions must frequently be made under
extreme tfine pressure, yet current research In decision making has
generally Ignored the degree to which time pressure might Influence
the nature of decision making processes. As a means of addressing
this issue, we have chosen to study the tactical decisions made at the
scene of a fire by fire ground comma'nders (FGCs). These FGCs must
allocate personnel and equipment as part of tactical planning.

It is important to define decision making within this framework.
Our working definition Is that decision making Is the selection of
one option from a set of two or more options. One question that
arises is can people make a conscious and deliberate selection of one
option from a set of two or more options, under constraints of a
limited period of time? Or do people rely on other strategies that
enable them to select courses of action without comparing the
advantages or disadvantages of op'i.ions?

The study of FGC decision making contrasts with traditional
laboratory-based methods along a number of dimensions which illustrate
the rationale of the study methods;

Time Pressure. Standard models of decision making postulate
analytical processes that appear to be quite time-consuming:
identifying a full range of options, specifying evaluation dimensions,
estimating utilities for each option for each evaluation dimen3ion,
obtaining scores for each option and comparing these to determine the
highest score. Surprisingly, there appears tc be little data as to
how the degree of time pressure might influence the use of decision
strategies. Three applicable studies (Zakay & Wooler, 1984; Howell,
1984; Rouse, 1978) were found. In both the Zakay and Wooler study and
the study by Rouse, subjects trained in decision mnaking strategies did
improve performance when conditions allowed sufficient time. However,
there was no evidence that the analytic strategy improved performance
where decisions had to be made under time restrictions, suggesting
that degree of time pressure is an important determinant of the
effectiveness of decision strategies. In two different experiments,
Howell (1984) found that time pressure reduced subjects' ability to
apply their own decision rules, and that time pressure combined with
other variables to produce a more "Intuitive" approach to problem
solving, supporting the Cognitive Continuum Theory of Hammuond
(Hammiond, Hamm, Grassia & Pearson, 1984).

Because critical decisions made at the fire ground are frequently
measured in seconds, it seemed unlikely that fire ground decisions
would be characterized by the consciously deliberated processes most
frequently described in the decision making literature.

Expertise. Many laboratory-based studies of decision making use
naive decision makers, In order to %tandard'ze the training and
experience of subjects. People are asked to make decisions about
something they know little about, or a problem presented In an
unfamiliar way. On the other hand, FGCs are experts at making the



decisions which we are studying. Although each fire may present some
unique challenge, the fire ground scene Is Itheir "home." Our
expectation was that the experienced decision maker is quite different
from the college sophomore who Is grappling with a probability
calculation or a move In a zero-sum game.-

Meaningfulness of choice consequences. Most laboratory-based
studies ask subjects to consider choices which have no Impact on the
decision maker beyond the laboratory session. At the scene of a fire,
on the other hand, FGCs are making choices which affect lives and
property In an emergency situation.

Parad i7. For our data gathering approach, we developed a method
of retrospective process tracirg based on the FGCs' memory of the fire
scene and their step-by-step decisions and conmmands. Our interviewing
approach was Influenced by Flanagan's (1954) critical Incident method,
which has established the feasibility of using Interview techniques
for recreating non-routine events. Although Introspective Interview
methods may have several weaknesses for obtaining data on mental
events (Nisbett & Wilson, 1977); we felt that the possibility of
capturing more of the context And phenomenological perspective of the
d~ecision maker could provide an important complement to laboratory-
based descriptions.

We have characterized our data gathering approach as quasi-
naturalistic. We are not attempting to be "purely naturalistic," in
the sense sometimes used to desig~nate unobtrusive field observations
(Brandt. 1981). We relied on interview methods wherein our subjects
knew they were being studied and knew the type of information we were
trying to obtain; there was no deception involved. On the contrary,
we were asking for their cooperation in raflectirng on tneir decision
making skills--a fairly "unnatural" request. The naturalistic element
of our approach refers to our commnitment to look at decision making
embedded in as much of its natural context as possible.

In summary, we selected fire ground decision making because it
was a naturalistic task, with highly time-pressured decisions which
are made by highly experienced FGCs, within a variety of contexts.
Our primary goal was to gather descriptive data on the way diecisions
are made. We see a need for descriptive models which are aimed at
clarifying issues arising in the areas of training, selection, and
decision support.



METHOD

Approach

In the preliminary phases of this research effort, a semi-
structured interview technique was developed for this study, loosely
based on Flanagan's (1954) critical Incident methods.

Adequacy of meor for the critical Incidents. Studies using
Flanagan's (1954) crit-,cal incident methods have generally supported
the feasibility of using post-interview techniques to obtain event
descriptions. The general finding Is that non-routine events in the
work place are reported more accurately and completely than more
routine events. In preliminary interviews with fire chiefs we found
that the most challenging incidents in an officer's career were
remembered quite well. In term~s of level of detail and the vividness
of their accounts, this seemed to be the case for incidents occurring
even 5 to 10 years ago.

The availability of decision making processes to consciousness.r Quite apart from the issues relating to adequate memory for the event
is the question of whether introspection is a valid means of
collecting data about mental processes.

Although we believe that introspection is a legitimate source of
data, we do not presume that it offers a direct access to cognitive
processes. It is an indirect measure with its own peculiar biases and
limitations. Its attractiveness is that it offers a potentially rich
source of hypotheses. The firefighters' ideas about ho~w they make
command decisions stand on their own as an important source of date.
The ultimate validity in relation to any proposed cognitive model will
be judged by the usual standards of scientific acceptability.

The biases of reconstructive memory. To what extent were the
methods we used gathering valid descriptions, and to what extent were
the subjects simply telling us what they perceived we wanted to hear?
We obviously cannot determine this absolutely, but we developed a
number of techniques designed to improve the accuracy and consistency
of the interview data. These techniques which will be described in
the section on the Interview Guide development. Our general strategy
was to focus our probes in the direction of obtaining rule-based,
rational calculation and option deliberation descriptions. Only when
we could not obtain such a description did we probe for alternative
descriptions.
Subjects

A total of ten fire departments were contacted with seven
departments agreeing to participate in the study, although one limited
the degree of its cooperation. Three cities declined to participate.

The level of cooperation and scheduling procedures varied from
department to department. Some department-s allowed us to contact any
of their officers directly to schedule an interview; others picked
certain officers we could speak to. In all cases, we attempted to
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schedule a preliminary interview with the department chieF or
assistant chief, to familiarize him with the study and to learn about
the department's structure and procedures.

In addition to allowing Interviews, most departments that we
contacted agreed to let us rides along on fire calls and observe the
fire Incident. We found our few experiences as ride-along, to be
helpful In getting a f~eel for fire ground operations. However, we
decided early In the study that these observations were not providing
sufficient data to justify the expense of having observers on call for
these rare events.

Material

The Interview Guide was developed in an attempt to strike a
balance between two disparate elicitation objectives. On the one
hand, we wished the interview to be as unstructured and as free from
Interviewer bias as possible, so that the details of the fire com~mand
would emerge with the officer's own perspective and emphasis intact.
On the other hand, we did not want simply a collection of unrelated
fire stories. Our perspective required thiat we direct the officer to
focus on those elements of the incident which most affected his
decision making and to structure these answers in a way that allowed
the incidents to be surmmarized along specified dimensions.

Our solution to these conflicting goals was to ask the officer to
describe the incident completely, from beginning to end, before we
began our questioning. This procedure was judged to be quite
successful, in part because it seemed to establish the interviewer as
a listener rather than as an interrogator, and in this sense increased
cooperation. After the incident had been related, the interviewer
then clarified and probed each event on the interview timeline. The
officer's account may have jumped around in relating the events and
decision/commnands. The timeline focused on representing the actual
sequencing and duration of events, as well as the information and cues
available at each decision point. This technique was effective for
clarifying the incident events and resolving questions and
inconsistencies. An additional purpose was to reactivate as much of
the context of the scene by asking the officer to recount the events
from different time perspectives, a technique which has demonstrated
utility in obtaining accurate eyewitness testimony (Geiselman, Fisher,
MacKinnon & Holland, 1985). The decision probes went through a number
of refinements during the preliminary data collection phase and can be
seen in the copy of the Interview Guide Included in Appendix A.

Data Summnary Techniques

Incident Accounts. The first step In the analysis was to
reconstruct the account of the incident, attempting to capture in as
rich a detail as possible the incident scene from the point of view of
the commianding officer. Notes and timellme, were checked against the
complete taped interview. These accounts are included in Appendix B.

4



Decisfon Pon Sr. yue. Using the completed Timeline and
Incident Account, each Incident was then structured into the decision
format which forms the basis of the analysi').

A decision point was defined as a point In time when alternative
decisions or courses of action could have been chosen or taken. Thus,
for each decision point there was a chosen option and one or more
alternative options. An Important point to be made Is that this part
of the analysis was largely Inferential. One of the first things we
learned Is that the officers rarely saw themselves as either
generating or selecting from a set of alternatives. We had to probe
to identify options that did exist at each decision point. The FGCs
experienced themselves as acting in a manner prescribed by their
knowledge, perceptual cues, and goals at that moment. Thus, it was
important to try to elucidate the knowledge, perspective, and cues
(which we have termed "situational awareness") as they were operating
and shifting throughout the incident.

The complete analysis of the decision points attempted to
document the nature and chronology of the officer's situational
awareness and each (non-trivial) decision point obtained from the
Incident Account. Each decision point was characterized along a
number of dimensions.

1. What other options were actually (or hypothetically)
available to the decision maker?

2. How was the chosen option selected?
--was it a deliberated choice?
--could a selection rule be articulated or inferred?

3. How much time was taken in making the decision?

4. How much time pressure was involved in making the
decision?

5. What level of experience was required to make the decision?
--how much experience was required to interpret the cues
or P'qow which cues to look for?

--was there a rule that could be implemented by a less
axper ienced officer?

-what kinds of critical knowledge or cues were found
to be missing?

Answers to the questions were sometimes available as answers to
specific probes during the interviews. At other times we had to infer
answers to these questions based on our understanding of the incident,
and departmental and fireground procedures. For example, an officer
may have Indicated that he called a second alarm because "all of the
available manpower and equipment was being utilized," which is an
explicit fire ground procedure and did not require further
explanation. However, In a case where the officer suspected roof
collapse and ordered his men to evacuate, the decision was based on
subtle and complex cues. The rule, "if the roof is about to collapse.

5



then get out" is obviously not very helpful. The expertise is in
knowing when this situation warrants a decision. This type of
decision must be probed for the interviewer to capture the decision
maker's situatioral awareness.

Questions about time and degree of time pressure were difficult
for FGCs to estimate. In many cases the answer to the time probe was
simply "Immediately," or "I just did It automatically, based on
experience." These expressions were coded as less than a minute,
although in verifying this with the subjects many indicated that it
was actually less than thirty seconds. Time pressure was also
difficult for the officers to report, so it was largely inferred on
the basis of the timeline information.

Quality control procedures

Early in the course of conducting interviews, we found that it
was difficult for one person to capture all of the relevant aspects of
the interview, including obtaining and probing a complete tImeline.
It was therefore decided that it was preferable for two intervlewer3
to be present. However, for seven of the interviews there was only
one interviewer present. Also, because interviews were generally 2
hours long, it was decided to tape each interview so that later
discrepancies and questions might be resolved.

Coding was a lengthy process, requiring anywhere from 3-7 hours
per incident. Because of the number of incidents we wished to obtain,
it was not feasible to implement any formal procedures for obtaining
an assessment of inter-coder relability. The following informal
quality control procedures were employed: 1) each Incident Account
and Decision Analysis was read and criticized by the other member of
the interview team or by one of the interviewers; and 2) each Incident
Account and Decision Analysis was then reread and questioned by each
of the two principal investigators (who also may have been a member of
the interview team).

6



RESULTS

Incident Characteristics

We collected 32 separate critical incidents. These were the
bases for all data analysis. They were collected from a total of 29
interviews which were conducted with 26 officers. in three cases, the
same officer was interviewed twice concerning different incidents. In
two other cases,-multiple Incidents were recounted In a single
interview session because the officer's account of the Initially
selected incident was extremely short, yielding only a few decisions.
One fire, at an oil pumping station, was so large that it was counted
as three separate incidents (roughly covering three separate days of
the Incident) and was recounted by two different officers. Two
incidents are separate versions of the same fire given by officers of
different rank, offering different perspectives. Of the 32 incidents,
29 were fires, 2 were rescue operations, and I was a gas leak.

The officers interviewed were of high rank and experience,
including lieutenants (6), captains (4) and chiefs (i6). The 26
officers had an average of 23.2 years of firefighting experience.
None of the interviewees had less than 12 years of experience, and the
maximum was 37 years.

The interviewees also had command experience. For twenty-eight
incidents, the interviewee was the FGC initially in charge at the
scene. The other four incidents involved officers in charge of
squadrons or sectors.

The criterion for selecting a particular incident was that it
presented a command challenge or was non-routine in some way. We
Found that the officers' reasons for selecting an incident could be
characterized by four factors. Any of the factors which applied were
checked for each incident: 14 were designated as recent incidents, 13
were unusually high risk, 5 contained disappointments in terms of the
outcome, and 12 were designated as primarily non-routine.

In general, the selection of incidents did provide us with a good
range of cases for study. There were rescues, fires in single
residences, apartment houses, hotels, businesses and factories, an oil
tank truck, and a large complex of oil tanks. We were concerned with
the experienced FGCs' decision process and not the correctness of the
decisions. In some cases we found errors in judgment, and in the
case of the oil pumping station, the situation was so unique and
complex that the FGC had little experience ;n handling the situation
and eventually needed to bring in consultants for guidance. A few of
the incidents were selected because they involved dramatic search and
rescue operations. These were vivid for the firefighters, but tended
to be less Interesting from a decision-making perspective.

The incidents selected generally occurred within~ the year prior
to the interview. Table 1 shows the frequency distribution of the
incident recency. The median is less than one year, and this is the
mode as well. More than a third of the Incidents had occurred less
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TABLE 1

Frequency Distribution of Incidents' Recency

Prior to the Interview

Time Prior to Interview f

Less than I month 6

1- 3 months 5

3- 6 months I

6 months- 1 year 7

1- 3 years 2

3- 5 years 7

More than 5 years 4

TOTAL 32

than three mronths prior to the interview. Four of the incidents had
occurred more than five years earlier.

Officers were also asked to rate the incident on four separate
risk factors: the risk to the initially burning structure; the risk
to the adjoining structures or property; the risk to civilian life;
and the risk to firefighters' lives. Ratings used a 3-point scale
with 1 indicating low risk, 2 medium risk, and 3 high risk. All the
incidents were classified as high risk on at least one dimension. The
mean ratings for the 28 unique incidents were 2.7 for risk to the
involved structures, 1.6 for the risk to adjoining property, 2.2 for
the risk to civilian life, and 2.6 for risk to firefighters' lives.

Containment is a point at which the fire is no longer escalating,
not including the final fire control operations or salvage. The
median reported time to contain a fire was 2 hours. The shortest
fires were contained in 15 minutes, and the longest lasted 12 hours,
with the exception of the pumping station fire which took one week to
contain.

The total alarms called for a fire gives a rough estimate of the
seriousness; although procedures vary widely from department to
department. Seven of the incidents were I-alarm cails, 6 were 2-
alarms, 8 were 3-alarms, and 2 were 4-alarms.



Analysis _f Oecision Points

The basic unit of analysis in this study was the decision polit,
the point in time where multiple options existed.

For the 32 Incidents studied, we analyzed a total of 156 decision
points, with ann average of 5 decision points per incident. The number
of decision points ranged from I to 10 per incident.

Time. Table 2 shows the FGCs' estimated time in deciding on a
course of action at each decision point. As expected, the dEcisions
were generally very time-critical; the large majority were reported to
have been made in less than one minute, with many of these being made
in under 30 seconds. Because of the difficulty of estimating these
short time durations from memory, we have categorized all of the
shortest decision times as simply being under one minute, and 787 of
the decision points fell into this category. Many of the remaining
decisions were still made in a short time: approximately 10% in under
2 minutes and another 6% in over 2 minutes but still under 5 minutes.

TABLE 2

Frequency Distribution of Estimated Time
(in minutes) for each Decision Point

(Pumping Station Incident Data in Parentheses)

Time f Total

< 1 116 (16) 132

1 - 2 14 (1) 15

2 - 5 4 (6) 10

>5 (9)
134 (22) 156

Virtually all of the longer decisions are from incidents #30--32,
a pumping station fire. This was a unique case in our interviews.
First, it took almost a week to contain, which is an order of
magnitude longer than even the longest of our other cases; and second,
the local firefighters who tried to contain the blazes could not be
considered experts. The scope of the fire and the problems encountered
were unique in their experience. In addition, there were problems in
coordinating the efforts of the several departments involved, so there
was initially no clearly designated FGC. Thus, in the pumping station
fire, many of the decisions were made in consultation and were
stretched out over several hours. Because the three pumping station
Incidents so clearly represent a different command and control
situation from our other incidents, the data for these incidents are
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indicated separately In the time categories summarized In Table 2.

Time Pressure . Table 3 shows the degree of time pressure we
Judged was experienced by the FGC. This is conceptually distinct
from how raoidlv the decision was made. For example, a decision might
be made very rapidly simply because it can be, not because It m b-.
Conversely, there may be a great deal of ressure to make decision
rapidly, but the actual decision making process may have been carried
out more slowly. We simply rated each decision point for Its degree
of time pressure using a 4-point scale; where I = low time pressure
(incident stable); 2 = some potential for escalation; 3 a imminent
loss of control, and 4 = threatened loss of life. As can be seen in
Table 3, a majority of the total decisions were made under conditions
of some extreme urgency; 61% of the decisions were ranked as either
time pressure levels 3 and 4. For these levels, every second was
important for combatting the exponential increase in the fire.
Another 36% fell into urgency level 2, in which perhaps minutes were
available for making the decision. Only 3% were made under low time
pressure. All but two of these decisions were from the long-term
pumping station incidents.

TABLE 3

Frequency Distribution of Estimated Time Pressure
for each Decision Point

(Pumping Station Incident Data in Parentheses)

Time Pressure f Total

I (low) 2 (3) 5

2 40 (16) 56

3 55 (1) 56

4 (high) 37 (2) 39

134 (22) 156
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Decision y. One of the most Important goals of this study was
,o describe how the officers reported making their decisions. We had
originally expected that the FGCs would tell us about the decisions
that they had trouble making. This rarely happened. In almost no
case did a FGC even report making a decision, in terms of comparing
two or more options and trying to select one. In other words, we
found virtually no Instances of the standard laboratory paradigm for
decision making: conscious and deliberate selection of one
alternative from several.

We tried several coding schemes to describe the way that the FGC
handled each decision point. Table 4 shows the number and type of
decision strategy found for each the 156 decision points.

TABLE 4

Frequency Distribution of Decision
Strategy used for Each Decision Point
(Pumping Station Data in Parentheses)

Type Frequency

Option Selection 0

Deliberated to (8)

Constructed 7 (4)

Procedural Rule 0

Analog 3

Prototype 0t4 (10)

Total 134 (22)

One category which was considered was Option Selection, whereby
the FGC would receive the options from an external source and select
one. This category describes a standard way that decision making is
studied in laboratories. However, we saw no evidence that any of the
FGCs used this approach. In fact, we found only a very small subset
of decisions where alternative options were even considered, let alone
concurrently contrasted. For ten of our decision points, not
including the pumping station incidents, we found that the FGCs
consciously contrasted options in arriving at a decision
(Deliberated). In these cases, the FGC would typically identify two
or more ways of accomplishing a goal, and then would make the
selection on the basis of a single, or only a few, dimensions, such as
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the time required and risk factor Involved. There was never any
system3tic examination of all the relevant attributes, In an attempt
to perform a rudimentary decision analysis.

Another type of decision was when the FCC faced an unfamiliar
situation and had to creatively generate or construct the possible
options (Constructed). There were II cases that fell into this
category.

In the case of the pumping station, roughly 59% of the decisions
were arrived at through a c, iscIously deliberated process, almost
always in group consultation. Therefore, the deliberation component
may apply to the group aspects of the decisions being made, more than
to decision making for any individual.

The majority of the decisions were characterized, not by option
consideration, but by the FGCs recognizing the situation as an
example of something they had encountered many times before. In other
words, there was evidence For a matching process, rather than a
calculational process.

The first type of matching we looked for was matching to a
specific analog -- another situation they had been through or heard
about. We found very few cases of this. We specifically probed for
analogs, and found only three. rhere were no cases where one fire was
treated as an analog for another. Rather, the analogs seemed to serve
as flags, which alerted the firefighter to dynamics of the situation
that needed attention. Their effect was on situational awareness, and
on specific decision points. In Case # 5, for example, the FGC looked
up at a billboard near the roof of an apartment building that was
burninq down, and remembered another time when a billboard had
collapsed, falling off the roof and posing a hazard to firefighters
and civilian onlookers. He therefore ordered the crowds to be moved
back.

Aoparently, the -GCs had so many similar Firefighting experiences
that these became me,-ged in memory, with no specific cases standing
out. A fire could be spoken of as typical, which suggestea our next
category: a PErottype. For example, they have been through hundreds
of house fires. When they encounter one, they view it as typical of
their prototype, which would include some standard layouts, some
standard approaches, 6nd so on. We -re using prototype in a way that
overlaps the concepts of scripts and frames, and we will discuss the
theoretical issues further in the Discussion sect-on. Nevertheless,
it is important to clarify how we are using this category. The FGCs
encounter a deci;ion point; they recognize a match to a prototype, and
the prototypical scenario guided by exoerience tells them how to
proceed. In this way, they implement a course of action without ever
considering any of the other options at the decision point. In our
interviews, we probed this very carefully, and the FGCs were clear
that they were not aware of other options. That is why they did not
feel that they were making decisions.

To ensure that these were really decision points, we probed to
identify Potential options. Usually, the subjects were not able to
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findi any. In these cases, we asked about options that a novice might
* be foolish enough to consider. Sometimes we had to suggest the

options. As long as we found at least two options, we considered It a
decision point. We did not study how many such options existed, since
we were now dealing with the hypothetical.

For the 156 decision points, 127 fell Into the Prototype
category. This was the dominant approach. Options were selected
without any reports of conscious examination, evaluation, or analysis.
In most cases, the events triggered an Immediate recognition of what
to do, and the action was taken. However, there were three decision
points where there was not a match but a lack of a match, and this
mismatch triggered a new situational awareness and the reassessment or
shift tcn another plan. In Case #4, a firefighter led his men Into a
burning house, found the apparent seat of the fire In the rear of the
house, and directed a stream, of water on It. The water did not have
t;-he effect expected, so he backed off, then hit it again. At the same
time, he began to notice that It was getting Intensely hot and very
quiet. He stated that he had no Idea what was going on, but he
suddenly ordered his crew to evacuate the house. Within a minute
after they evacuated, the floor collapsed. It turrned out that the
real fire had been in the basement. He had never expected this. This
was why his stream of water was ineffective, and it was why the house
could become hot and quiet at the same time. He attributed his
decision to a "sixth sense." We would be less poetic and infer that
the mismatch was the cue. The pattern of cues deviated from the
prototypical patterns where heat, sound, and water are correlated.

Another category we tried to use was a Procedural Rule. In this
case, there would be a rule of the form: If x, then do y. All the
FGC would have to do is match the x condition, in order to determine
whether to implement the y action. In practice, we had difficulty in
distinguishing this from matching to a prototype. In both cases,
there is a matching, followed by an action. The only difference is
that the rule is context-free, whereas the prototype is context-rich.
We were not able to find any examples of context-free rules that could
safely be initiated by complete novices. If the concept of a
procedural rule is broadened to include contextual sensitivity, then
the border bettween procedural rule and prototype matching becomes very
blurred.

Table 5 is a summary of decision time and time pressure findings
for each decision type. It simply confirms the tendency for
Deliberated and Constructed decisions to be made under less time
pressure and to take longer to make than decisions made on the basis
of a prototype match/mismatch.
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TABLE 5

Fre4'Aency Distribution of Decision Types, Time, and Time Pressure
(Pumping Station Data in Parentheses)

TYPE N TIME PRESSURE
(1 1-2 2-5 >5 1 2 3 4

Prototype 117(10) 108(6) 7 2(2) 0(2) 2(l) 33(7) 47 35(2)

Deliberated 10 (8) 5 4(l) 1(2) 0(5) 0(0) 5(7) 5 0

Constructed 7 (4) 3 3 1(2) 0(2) 0(l) 2(2) 3(l) 2

TOTAL 156(22)

Situationai Awareness

Because we treated decision making as a form of complex pattern
matching, much of the expertise of the FGCs came through in the
situational awareness. This reflected their understanding of the
dynamics of the case, and was the basis for their ability to recognize
cases as examples of standard prototypes. In many of the cases, the
initial situational awareness was maintained throughout the incident,
with new information serving to elaborate on what was originally
known.

In other cases, there were dramatic shifts in the situational
awareness. For example, Case #23, a fire at a chemical plant, the
situational awareness included the dynamics of a burning structure and
flowing chemicals, as well as the risk of nearby storage tanks
exploding. Foam is the first choice for putting out a chemical fire;
it extinguishes the fire by smothering it. However, the tanks
required cooling to reduce the risk of explosion, and water is the
best coolant. A novice may have used foam initially to try to
extinguish the fire; or used both water and foam, which would have
produced a diluted and ineffective foam.

The expert's decision was to use water initially to cool the
tanks, then shut down the water and apply foam. He used his
perceptual ability to judge when the tanks had been appropriately
cooled, so that an explosion was no longer likely. He relied on such
cues as heat waves and steam levels coming off the tanks. When the
foam operation was begun it was monitored and judged effective.
Later, however, runoff was discovered to have been seeping into the
basement of an adjoining structure, creating a new fire hazard. The
situational awareness was now changed, and the FGC reccognized a new
out-of-control situation. He immediately called for additional
manpower and equipment to handle the expanded situation. This example
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